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Summary

The external surfaces of the body, such as the skin and the gastrointesti-
nal mucosal membrane, are an important line of defence preventing the
invasion of microorganisms and their products. Mucosal immune cells,
especially intraepithelial lymphocytes, are involved in maintaining the
integrity of these epithelial barriers. They contribute towards the tolerance
to commensal organisms, which occupy these same sites, and to the
immune responses against harmful organisms and their products. The
composition of the microbiota is influenced by immune cells as well as
external environmental factors, especially the use of antibiotics and diet.
There is an increasing appreciation that the microbiota affects systemic
immune responses in addition to local immunity. Failure to control the
occupancy by microorganisms may result in the disruption of the delicate
homeostasis between beneficial and harmful microorganisms and contrib-
ute to inflammatory pathologies. This review will discuss some of our cur-
rent understanding of the impact of immune cells and diet on the
microbiota.
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Introduction

The main interfaces between the host and its external
environment are the skin, and the gastrointestinal and
respiratory tracts. These barriers are under constant threat
of disease from invading microorganisms and their prod-
ucts. Not surprisingly, these sites are under intense scru-
tiny of the immune system and the upkeep of this barrier
is paramount. Epithelial surfaces are more than simple
physical obstructions; they constitute complex chemical
and biological obstacles. The acidity of the stomach and
the mucus lining, as well as microbicidal enzymes in the
gastrointestinal tract are often sufficient to prevent micro-
bial invasion. But, epithelial surfaces are not only under
threat of potential harmful pathogens, they also harbour
many beneficial microorganisms. Many of the microbes
that collectively make up the microbiota are highly bene-
ficial for our health and well-being. Colonization com-
mences immediately upon birth by the largest population
of symbiotic bacteria. This community is comprised of
approximately 1 x 10'* bacteria (archeal, fungal and viral
species are also present), with a least 2000 individual spe-
cies."” Nevertheless, predominantly four bacterial phyla
have adapted to the intestinal niche: the Firmicutes, Bac-
teroidetes, Actinobacteria and Proteobacteria.””

The host and its symbionts seem to have co-evolved
towards a mutually beneficial state of co-existence.® Their
cross-talk facilitates the digestive and anabolic functions
of the host and protects the epithelial barriers from colo-
nization by pathogens.” The microbes compete for nutri-
ents and attachment sites to epithelial cells (ECs). Some
can even engage in chemical warfare and produce (bacte-
riocins) or induce antimicrobial substances, directly kill-
ing competitors. Alterations in the composition of the
microbiota, dysbiosis, may contribute to the development
of various inflammatory disorders. Tight management of
the immune response is therefore critical for host func-
tion and survival, maintaining an optimal balance
between tolerance to harmless compounds as well as the
commensal flora while efficiently clearing pathogens and
their toxins.®

Structural organization of mucosal surfaces

The mucosal immune system can be divided into induc-
tive and effector sites. Inductive sites are constituted by
organized mucosa-associated lymphoid tissue as well as
mucosa-draining lymph nodes whereas effector sites are
represented by the lamina propria, the stroma of exocrine
glands and surface epithelia.”'" Limiting the contact
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between the luminal microbial community and the intes-
tinal surface can be considered the first line of defence
(Fig. 1). Glycoproteins, forming a mucosal layer, gradients
of immunoglobulins (IgA) and antimicrobial peptides
prevent the penetration of most bacteria. Although the
microbicidal action of antimicrobial peptides is often con-
sidered mild, concentrations in the crypts can reach levels
sufficient for strong bacterial lysis.""

The second line of defence is formed by the monolayer
of the ECs themselves (Fig. 1), interconnected through
tight junctions by which barrier permeability can be regu-
lated. This monolayer is composed of four lineages that
arise from a single epithelial stem cell; absorptive entero-
cytes, mucus-producing goblet cells, hormone-producing
enteroendocrine cells and the microbicidal factors-pro-
ducing Paneth cells. It was originally thought that these
epithelial cells only function to keep luminal microbes
from invading the sterile tissues. However, there exists a
much more intricate and mutual beneficial relationship
between ECs and the microbiota. The intestinal mucosa
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Figure 1. Structural organization of intestinal mucosa. Schematic
representation of the small intestinal mucosal barrier, consisting of a
mucosal layer (1) and gradients of IgA and antimicrobial factors, the
epithelial cells (2) made up of enterocytes, Paneth cells, goblet cells
and enteroendocrine cells, intraepithelial lymphocytes (3), and the
lamina propria (4). Additional secondary lymphoid structures, such
as cryptopatches and Peyers’ patches are present in the lamina
propria.

encourages microbial colonization by providing an ideal
environment, and more directly by shifting its energy
source to favour some microbes over others. For example,
fucosylation of glycans allows some bacterial species,
which use this as their energy source, to outcompete oth-
ers.'”” Once these species have gained a competitive
advantage and established themselves, they take control of
their environment. This involves the recruitment of
‘accessory’ species that offer benefits to the initial colo-
nists,”> and the induction of morphological changes to
the hosts’ intestinal barrier, e.g. the induction of bacterici-
dal factors that keep competitors at bay.'* The microbiota
in return enhances host nutrient metabolism, especially
via the breakdown of complex carbohydrates into mono-
saccharides and short-chain fatty acids, which regulate
growth and differentiation of the hosts’ ECs.

The lamina propria could be considered the fourth and
final barrier before systemic immunity is required."” It lies
beneath the intestinal epithelium and is comprised of a
supportive layer of conjunctive tissue (Fig. 1). This con-
tains distinct lymphoid structures that can detect and
restrain microbes through the presence of dendritic cells,
macrophages and scattered lymphoid cells further sup-
ported by stromal cells. Most of the lymphoid tissue is
organized in several different structures, such as isolated
cryptopatches, aggregates termed isolated lymphoid folli-
cles, or in larger clusters more resembling lymph nodes,
the Peyer’s patches. CD4" lymphoid tissue inducer (LTi)
cells and stromal organizer cells are crucial for the devel-
opment of lymphoid structures.'®'” The LTi cells are a
subtype of innate lymphoid cells. They derive from hae-
matopoietic progenitor cells in the fetal liver, seed the
developing lymphoid tissues during fetal development
and initiate the formation of lymphoid organs. Later in
life, a population of cells similar to embryonic LTi cells,
LTi-like cells, supports the formation of organized lym-
phoid structures in the intestine.'® Whereas differentia-
tion of Peyer’s patches is induced before birth by LTi
cells,'” isolated lymphoid follicles develop after birth in
response to the microbiota or inflammation.'®*° Notably,
the development of cryptopatches and intestinal lymph
nodes is independent of the stimulation by microorgan-

isms. 27

The intraepithelial lymphoid cells

The epithelial layers of the mammalian surface lining
contain a specialized lymphoid population, the intraepi-
thelial lymphocytes (IELs), which are directly involved in
host defence as well as barrier maintenance; constituting
the third line of defence (Fig. 1). The IELs populate all
the body’s surfaces. They represent one of the largest lym-
phocyte populations found in mammals, yet are the least
well understood, and are a heterogeneous population
mainly composed of unconventional T cells. The IELs
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may share many properties with conventional T cells,
which express a T-cell receptor (TCR) consisting of the
TCR-o and TCR-f} chains, but there are crucial differ-
ences. In contrast to conventional T cells, IELs express
antigen receptors with a limited diversity,”* and are kept
in a heightened state of activation, avoiding the need for
a priming-step before full activation and unnecessary
delay.”® In addition, they can respond without the need
for clonal expansion of a rare precursor cell that expresses
a particular TCR that recognizes an antigen of interest.
Upon activation, IELs immediately release cytokines that
contribute to the activation and the recruitment of innate
immune cells, and which may contribute to the orchestra-
tion of a subsequent adaptive immune response.
Lymphocytes expressing an alternative TCR, comprised
of the TCR-y and TCR-J chains, are a relatively minor
population in vertebrates, but are highly enriched at all
epithelial sites. In the epidermis TCR-y0 T cells are the
sole population of lymphocytes whereas in the respiratory
and intestinal tracts they cohabit with TCR-off T cells.
The small intestinal IELs, in addition to TCR-y0 T cells,
comprise TCR-aff T cells of an unconventional nature,
expressing a CD8oo homodimeric receptor or neither
CD4 nor CD8.*° Intriguingly, the tissue distribution of
TCR-y6 T cells in the mouse is according to the expres-
sion of their TCR y-chain. In the gut, the clonal reper-
toire of murine TCR-yd T cells is restricted to the TCR-
Vy5 coupled with Vo4 or V66.*” The epidermal TCR-y6
population is solely restricted to TCR-Vy3 coupled with
TCR-V41 and shows very limited, if any, variability. The
equivalent to TCR-Vy3 IELs is not present in humans
because of the absence of the thymic stromal immuno-
globulin-like determinant skint1.*® TCR-Vy4 have a seem-
ingly wider distribution, occupying the epithelial layers of
the lungs, the female reproductive organs and the tongue.

Discriminating good from bad?

The interaction between the ECs and the microbes gener-
ally does not result in the initiation of inflammatory
responses, instead such interactions, of an as yet largely
unidentified nature, are highly beneficial. Microbial colo-
nization is paramount for the development of the intesti-
nal microvasculature and induction of the expression of a
myriad of genes involved in metabolism, immune
response, and intestinal barrier integrity.”*** The rejuvin-
ation of the total EC lining, achieved within a week,
depends on the proliferation of intestinal stem cells,”* and
is half the normal rate in the absence of microbes.’* The
result of decreased proliferation is increased susceptibility
to epithelial cell damage. However, our limited under-
standing of how the microbiota influences our epithelial
barriers is highlighted by the observations that susceptibil-
ity to damage is negatively influenced by both the absence
as well as the presence of microbial components.'>?>>*

Epithelial barrier biology

This relates to the requirement of microorganisms for
(structural) development and priming of the immune sys-
tem, the absence of which may result in an inability to
mount a response, whereas the particular presence of
other microorganisms will negatively contribute to immu-
nopathology ** (Fig. 2).

The immune system is equipped with pattern recogni-
tion receptors (PRRs) that are able to recognize macro-
molecular ligands from non-mammalian origin. PRR
ligands, microorganism-associated molecular patterns,
encompass commensal- and symbiont-derived molecules
in addition to those derived from pathogens. Recent years
have increasingly focused on the role of PPRs as media-
tors in the inter-kingdom communication between micro-
organisms and the host. Most PRRs are present in the
intestine, although the cellular origin is not well defined,
and expression levels are modified by the luminal micro-
bial content and by immune-mediated signals.’® Trigger-
ing of PRRs would normally result in the initiation of an
inflammatory response, which upon encountering com-
mensals would be highly disadvantageous for the host.
Distinguishing luminal antigens from those that have
invaded the sterile tissues may in part be accomplished by
the polarized structure of the barrier sites or by alterna-
tive wiring of the signalling machinery and tuning by
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Figure 2. Influences affecting the intestinal microbial composition
and barrier homeostasis. Besides host genetics, chance encounters,
stress and aging effects, the diet has a major influence on the intesti-
nal microbial composition. Especially the fibre content, and their
metabolic products such as short chain fatty acids (SCFA), acetate,
propanoate and butyrate have a major impact on the mutually bene-
ficial relationship (symbiosis) between the host and the microbiota.
In addition, microbial factors such as polysaccharide A (PSA) and
peptidoglycans (PTGN) make a direct contribution this relationship.
Alterations in the microbial make up, dysbiosis, may result in epithe-
lial barrier damage and stress as the result of a reduction in protec-
tive microbial factors and an increase in pathogenic microorganisms.
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negative regulators in some cell types. The epithelium not
only tolerates microorganisms, it actively requires their
presence for optimal functioning and wound repair.””*'
In vitro experiments and observations made in injury
models suggest that PRRs may also be important in the
induction of members of the family of epidermal growth
factors such as epidermal growth factor, transforming
growth factor-g, epiregulin and amphiregulin.”>*>*’

It seems unlikely that ‘friendly’ bacteria posses special
attributes uniquely responsible for immune suppression
or induction of tolerance. Lateral transfer of genes
between bacteria is common and although many bacterial
species are beneficial to their host, they remain a risk and
could at any time unilaterally abandon a mutual benefi-
cial relationship. However, some of their products, such
as polysaccharide A, do seem to enhance immune protec-
tion.** Other microbial products, such as meso-diamino-
pimelic acid containing peptidoglycans, may actively, and
selfishly, contribute to immune activation against compet-
ing pathogens®” (Fig. 2). Location and context may be the
most important mechanism discriminating between
pathobionts, which can breach the epithelial barrier, and
symbionts and commensals, which generally do not cross
this barrier. Tissue damage and stress responses may fine
tune the initial innate immune response and determine if
a more robust response against a harmful antigen, which
is causing cell death, or a more tolerogenic response
against benign microorganisms having taken an accidental
wrong turn, is most appropriate. Indeed it was recently
highlighted that inflammasome activation is involved in
intestinal homeostasis, balancing the protection of the
epithelial layer via induction of EC proliferation and
thereby preventing bacterial translocation with immune
activation and inflammation.**™*

Maintaining the barrier

In contrast to the skin, which forms a tight but not
impregnable seal, the ECs of the intestine have a promi-
nent role in the exchange of nutrients and fluids and
form more leaky barriers. The bacterial load and meta-
bolic processes inherently pose a risk for a single cell bar-
rier, and the ECs are rapidly replaced.”® This process
takes place at the bottom of the small intestine and colon
crypts where intestinal stem cells proliferate.®® It has
become clear that the microbiota can influence growth,
survival, inflammatory control and permeability of the
epithelial layer thereby shaping the local ecosystem.’>”*
For example, some Bifidobacteria species harbour specific
carbohydrate transporters allowing them to catabolize
fructose instead of glucose, which is low in the distal
colon, and to produce acetate as a consequence, which
protects ECs.”»>* How acetate protects the ECs is not
clear, but also ECs would suffer in the distal colon from
reduced glucose levels. Interestingly, they once more turn

to the microbiota for an alternative source of energy,
using bacterially produced butyrate.”> As a result of the
lack of microbial cross-talk, the EC proliferation rate is
approximately halved in germ-free animals, and in con-
trast to conventionally raised mice, villus capillaries are
poorly developed.*

In contrast to conventional T lymphocytes, IELs popu-
late the epithelial barrier sites before birth.** It is during
and shortly after birth that mammals are exposed to
microorganisms and acquire their microbiota. The lumi-
nal microorganisms thereafter influence the development
and function of the IELs. Germ-free reared mice harbour
reduced numbers of IELs, and TCR-yd-bearing IELs
show diminished cytolytic capacity in the absence of
microbes.”>”” Studies from several laboratories indicate
that IELs play a unique role in maintaining EC homeosta-
sis and responses to tissue repair and malignancy. The
intertwined relationship between IELs, the epithelial bar-
rier and the microbiota is further illustrated by the ability
of IELs, in addition to the microbiota, to support EC
growth and turnover.”®>” This suggests that IELs, via the
production of cytokines, chemokines and growth factors,
are important in maintaining epithelial barriers and may
indirectly influence the intestinal microbial communities
(Fig. 3).

An important gap in our knowledge are the signals that
govern IEL biology. One aspect is the nature of the mole-
cules able to activate their TCR. Although TCR-yd can
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Figure 3. Maintaining the ‘fence’. Balancing epithelial barrier health
via cross-talk between epithelial cells and the luminal microorgan-
isms, and the cells of the immune system, especially intraepithelial
lymphocytes (IELs), themselves maintained via dietary derived aryl
hydrocarbon receptor (AhR) ligands such as indole-3-carbinol (I3C).
The IELs maintain the epithelial barrier via release of growth factors
and support in the activation of antimicrobial peptides. Upon barrier
breakthrough, IELs are directly involved in the cytolytic immune
response, removing infected cells, and orchestrating subsequent
adaptive immunity as well as the barrier repair response.
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interact with non-classical MHC molecules, this does not
seem to depend on the presence of peptide,”® and may
not be a prerequisite for TCR-yd cell activation. IELs
express gene products located in the ‘NK locus’. This
includes activating receptors expressed by natural killer
(NK) cells, such as NKG2D, which contains a C-type lec-
tin-like domain capable of recognizing protein ligands.®'
Human intestinal IELs can recognize the non-classical
MHC molecules and NKG2D ligands MICA and MICB,
and the distantly related human MHC class I molecules,
the ULBPs. These former are expressed on ECs, endothe-
lium and fibroblasts in conditions of damage or disease®*
but the latter are ubiquitously expressed on endothelial
and epithelial cells independently of activation status.®® In
the mouse, NKG2D interacts with molecules similar to
the ULBPs and distantly related to MHC class I, which
are four members of the retinoic acid early inducible
(Rea)-1 family,®* and the minor histocompatibility anti-
gen, H-60.°> Similar to MICA and MICB, Rea-1 and
H-60 are expressed in cells under duress.’ Engagement
of NKG2D on IELs with ligands expressed on ECs results
in cytolytic activity and killing of the target cell.®* The
response to EC stress signals will enable IELs, despite lim-
ited TCR diversity, to respond to a wide range of inflam-
matory conditions rapidly supporting EC growth and
differentiation to maintain the epithelial barrier (Fig. 3).
However, the nature of the stress molecule(s) remains
elusive.

Dietary polysaccharides

In addition to gender and age, the diet has a major
influence on the composition of the gut microbiota.”~*’
In return, alterations in the microbial composition and
their metabolites can have sometimes unexpected effects
on local and systemic immunity of the host, something
which has only recently been recognized.*>”*”> As such,
the diet may constitute a major contributor to the dra-
matic increase in inflammatory diseases such as asthma,
multiple sclerosis, type 1 diabetes and Crohn’s disease
as recorded over the past 50 years.”*”> Such a connec-
tion was already made with swaying epidemiological
data on the association between obesity and diabetes,”®
obesity and asthma,”” diet and asthma,”® and diets low
in fruit and vegetable content and inflammatory bowel
disease (IBD).””8! If diet is such a major contributor
to intestinal barrier integrity and to the rapid rise in
allergies and autoimmune disorders in the developed
world, this predicts that the microbiota composition is
substantially different in populations in Europe and
rural Africa. Indeed, African children consume a diet
with much higher fibre content, and their microbiota is
enriched in specific symbiotic Bacteriodetes species and
reduced in Firmicutes compared with European chil-
dren.”’

Epithelial barrier biology

The intestinal microbiota is in large part derived from
the mother during the birthing process but modified
thereafter by diet and environmental chance encounters
such as infections and use of antibiotics. Initial intake is
exclusively milk, consisting of a diversity of polysaccha-
rides modified in the mammary gland to contain lactose
branches. Of particular importance are the combinations
of lactose with sialic acid. As mentioned, fucosylation of
intestinal epithelial glycans encourages bacterial coloniza-
tion with particular species.'"” Milk oligosaccharides,
which cannot be absorbed or digested by the host and are
similar in structure to EC glycans, act as neutralizing
ligands preventing the attachment of some bacteria over
the desired symbiotic Bifidobacteria species. Indeed, mice
reared on milk missing sialylated oligosaccharides show
an altered composition of their microbiota, which
impacts on their capacity to maintain their epithelial bar-
rier.*”

A substantial microbial change occurs when solids are
introduced, and polysaccharides, in the form of plant
fibres, and their metabolites, short-chain fatty acids, ace-
tate, butyrate and propanoate, positively influence the
microbial make-up of the intestine (Fig. 2). Receptors for
short-chain fatty acidss are G protein-coupled receptors,
such as GPR41 and GPR43, the latter of which is
expressed on cells of the innate immune system. Surpris-
ingly, the absence of GPR43 results in an exacerbated and
poorly resolving immune response,’> similar to those
observed in germ-free mice, which have few short-chain
fatty acids.’>’*®> Of note is the observation that levels of
short-chain fatty acids are generally lower in IBD
patients.®!

Dietary vitamins and phytochemicals

The microbiota and diet constitute essential substrates to
the biosynthesis and metabolism of important vitamins,
especially cobalamin (vitamin B12), structurally compli-
cated and currently still only produced through bacterial
fermentation synthesis, and vitamin K, synthesized in
leafy green vegetables as phylloquinone it requires intesti-
nal bacteria for the conversion to several forms of vitamin
K and their absorption. Two additional vitamins have
recently been directly implicated in maintaining intestinal
barrier integrity, vitamins D and A. The first, and its
receptor (VDR), seem important for the development of
one of the intestinal IEL populations, the TCR-of"
CD8ua*, without affecting the TCR-76 IELs.®* The
absence of VDR or vitamin D results in increased inflam-
mation of the gastrointestinal tract, which may be a result
of multifaceted requirements for this vitamin. The
decrease in TCR-aff CD8oor IELs may reduce barrier
homeostasis and cytolytic activity, but TCR-yé IELs
would be able to compensate. However, vitamin D is also
required for the production of the microbicidal cathelici-
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dins,® the absence of which could additionally contribute
to an altered intestinal microbial load or composition.

Metabolically active derivatives of vitamin A include
retinoic acid, which bound to its nuclear hormone
receptors can induce transcription of genes. Initial
reports suggested that retinoic acid is involved in main-
taining a balanced intestinal TCR-o8" CD4" T helper
(Th) cell compartment, increasing anti-inflammatory
regulatory T cells while inhibiting pro-inflammatory
Th17 cells.** Although, this suggested that vitamin A
consumption is anti-inflammatory, two recent studies
have challenged this.”"** Retinoic acid seems important
for general Th-mediated responses, in its absence mice
fail to mount a robust Thl and Th17 response.”” Loca-
tion and context may also be key to the effect of vita-
min A. Concentrations of vitamin A may be highest at
their point of absorption, the intestinal mucosae, which
may have different biological effects.”> More important,
the presence of microorganism-associated molecular pat-
terns may give context to a vitamin A signal.”* Interest-
ingly, the presence of IL-15, an essential survival factor
for IELs, and retinoic acid seem to create particularly
favourable conditions for Thl and Thl7 development,
potentially providing a mechanistic insight into the
cause of coeliac disease.”’

Foodstuffs that affect intestinal homeostasis have strong
links with the dietary vegetable component, providing
both vitamins and fibre. Our recent data highlights yet
another vegetable-derived phytochemical that has a sur-
prising and dramatic influence on barrier immunity.
Indole-3-carbinol is produced by the breakdown of the
glucosinolate glucobrassicin, generated during photosyn-
thesis from tryptophan. It is present at high levels in
basilica plants and forms part of the diet via the crucifer-
ous vegetables such as cabbages and broccoli. Stomach
acids condense indole-3-carbinol to diindolylmethane and
indolocarbazole, two high-affinity ligands for the aryl
hydrocarbon receptor (AhR). Interestingly, all IELs
express relatively high levels of AhR and have a cell
autonomous requirement for its activation, without which
they fail to survive in their target tissues.”' Although
Th17 and systemic TCR-yd do express AhR,”> its
absence only results in the selective disappearance of the
intestinal TCR-y6 and TCR-off CD8uax IELs and TCR-
V73 epidermal IELs, and mice fed a diet low in vegetable
content lose the majority of their intestinal IELs.”!

Intraepithelial lymphocytes are reported to release anti-
microbial peptides upon epithelial injury, interact with
the cell types of the epithelial layer, and may thereby
directly limit the translocation and dissemination of intes-
tinal microorganisms upon barrier damage.”’ Interest-
ingly, AhR-deficient mice, or those on a diet low in
vegetable material, show increased CD4-mediated inter-
feron-y production, EC hyperplasia, reduced epithelial
turnover, apical cytoplasmic mucin distention, reduced

expression of anti-microbial peptides, and an increased
bacterial load with a enhanced contribution of species in
the phylum Bacteroidetes.”' These observations are all
hallmarks of IBD,”®” and are in line with the premise
that IBD develops in genetically susceptible hosts but that
environmental factors precipitate the onset or reactivation
and severity of the disease.

Conclusions and perspectives

The host controls EC responsiveness towards occupying
bacteria via cross-talk with these same bacteria, thereby
limiting inflammation at epithelial barrier sites. This is
largely responsible for a state of immune tolerance
enhancing and cultivating the mutually beneficial interac-
tions between the host and its microbial occupants, unless
barriers are broken and damage is inflicted. Deregulation
of this cross-talk is associated with loss of EC homeostasis
and disruption of the intricate network of interdependent
microbial species occupying these surfaces. The outcome
is activation of pro-inflammatory pathways, with the
potential to propagate the imbalance, and if not resolved,
ultimately resulting in chronic inflammation and immu-
nopathology.

Epidemiological studies provided initial insights into
deregulation at epithelial barriers and the increasing inci-
dence of inflammatory diseases in the developed world
with diet. Recent findings have confirmed the importance
of the microbiota on tuning systemic immunity, and have
added important new insights on a molecular level. Poly-
saccharides play a pivotal role, creating the initial niche
for the first colonizers, preventing the attachment of
undesired others, and subsequently cultivating a healthy
and balanced microbiota which in turn maintains the epi-
thelial barrier.'>®* At the basolateral side of the barrier
other compounds, via the activation of the AhR, maintain
the IEL populations.”' While patrolling the epithelial bar-
riers, IELs respond to EC stress signals, orchestrate immu-
nity as well as tolerance, thereby influencing the intestinal
bacterial load and composition. Importantly, IELs are also
directly involved in EC growth, homeostasis and wound
repair. Carefully designed and controlled human trials are
needed to substantiate results from mouse studies and
observations in humans. However, rather than developing
additional anti-inflammatory drugs, changing diets which
are currently often stored and transported for a signifi-
cant amount of time, highly processed and low in vegeta-
ble content, may be a more cost effective way towards
health and well-being.
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